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ARSTRACT

We propose to mieasure the branching ratios of the electromagnetic decays of the
low lying excited hyperons, using the CEBAF LAS. An excited hyperon will be produced
using a tagged photon beam with AE,JE, = 0.25% FW H M, via the reaction 1P —
K*Y . The kaon, decay ¥ and the proton and 7~ from the final state A will he detected.
The four momentum of the hyperon will he reconstructed from the heam photon energy
and the kaon momentum. The four momentum of the A will be reconstructed from the
proton and 7~ momenta. FASTMC modeling of the system indicates that the hyperon
mass will be determined to better than 5 Mev FWHM and the A mnass to hetter than
2 Mev FIWHM. With such good mass resolution the backgrounds due to #° decays
can be efficiently suppressed for the ¥ — 7.\ decays. However, a large coverage, fine

grained shower counter is required to reduce the x° background for Y- — 450 decays.



1. Introduction

We propose to measure the electromagnetic branching ratios of the low lyving
states of the A and T hyperons. The accessible states and allowed electromagnetic
decay modes are shown in Figure 1. Recent experimental activity'~¥ in this field ha}s
stimulated theoretical interest®~'? in the electromagnetic decays. Much of this work
is summarized in a paper hy Goldman et al.! which is included as an Appendix. To
summarize the points made in this paper, the ground states of the A and T° hyperons,
in a simple three quark model, have ground states composed of an up, down and strange
quark, all in an 5-1? orbit. The light quarks are coupled to total spin and isospin § = 0
and T = 0 for the A and to § = 1 and T = 1 for the ° as shown in Figure 1. The
strange quark is then coupled to give a J = %+ ground state, with T = 0 for the A and
T = 1 for the ©% The excited states are formed by exciting one quark to a different
spin or orhital state. Photoemission occurs hy the deexcitation of this quark. The first
T = 1 excited state is the £7(1385) with J = %+. This is formed by a spin flip of the
strange quark. This state can decay to either the T = 0 or the T = 1 ground state by an
M1 transition. The first excited T = 0 state, the A"(1405), has a strange quark excited
to the P% orbital, yielding a J = 17 state. This can decay to the T = 0 ground state by
an E1 transition. However, in the naive model we are considering here, the transition
to either T = 1 state is strictly forbidden, as it would require a two guark interaction.
The second excited state, the A*{1520), is predicted to be a linear combination of states
with either a strange quark or one of the light quarks in the P; orbital, all coupled to
aJ = %_ state. As before the A*(1520) is forbidden to decay to the £°(1385), due to
the one-hody nature of the electromagnetic operator.

The structure of these states is not well understood. The nature of the A(1405)
has been in dispute for many years. Originally it was interpreted as an antikaon-
nucleon bound state!!. With the advent of nonrelativistic quark models (NRQM) it
was interpreted as a more or less normal three quark state!? although it stands out
in quark models as one state whose energy is particularly hard to fit. For example,
the Isgur-Karl NRQM calculation predicts the center of gravity of the A(1520) and

A(1405), but does not correctly predict the mass splitting. More recently clondy bag



maodel {CBM) calculations he Veit of ol.!3 find that the AR §s predeaninately an
antikaon-nucleon bound state with some small admixture of three quark states. It is
very difficult to decide which interpretation is correct from strong interaction data alone,
since the A{1405), which is helow the &' N threshold, is seen only in 7 production and
through its effect on the low-energy &' N S-wave.

The hest test of the internal structure of these hyperon states is a 111eatsnrement of
their electromagnetic transitions since these experiments should he significantly easier
to interpret. The radiative widths have been calculated by a number of groups, and
their results are listed in Table I. Darewych et al.5 {DH K) used the Isgur-Karl'4 qu‘ark
mmodel. Moniz, Soyeur and Kaxiras® used a fixed radjus static cavity approximation to
the MIT bag model. Finally Kaxiras® used the Isgur-Karl model with two different sets
of basis states, labelled SI7{6) and uds. The values quoted for the last three calculations
are taken from ref. 1. As can be seen from Table I the theoretical values can vary
by as much as a factor of 60, with the forhidden transitions allowed in some models.
Furthermore, other models are possible, such as an admixture of 717 states,!5 that lead
to larger rates. See ref. 1 for further details. Thus the measurement of electromagnetic
transition rates provide a very sensitive test of the various quark models. For example,
DHK point out that a large radiative width for the A™(1520) and A"{1405) to the &'s

would imply that color hyperfine forces are present in these systems,

IT. Existing Measurements

There are only a limited number of measurements of neutral hyperon electromag-
netic decays. The radiative width of the £°(1193) to 7A(1116) decay has been measured
by Dydak et al.'® to be 11.5 £ 2.6kel”. There are two measurements of the radiative
width of the A(1520) to 7A{1116) decay, using the reaction A ~p — yA. Mast ¢t af. !7
using a bubble chamber, found 258 events, 15% of which were assumed to he yI0 events.
The amount of this background depends on the unmeasured A(1520} — =% branching
ratio. They obtained a radiative width of 150+ 30k<1". Their measured angular distribu-
tion was consistent with an El transition. A recent, unpublished, CERN experiment,®

using a large Val detector, found a radiative width in serions disagreement with Mast



et al. Finally there exists a weak npper limit on the radiative rdecay of the T(1385)
from Colas et al.!® They find an upper limit of about 2000keV’, which does not constrain
any of the models.

The branching ratio for radiative capture K~p — yA has been measured hy
Humphreys and Ross,!?, Davies et al.,?° Lowe et al.¥ and Whitehouse et ol.2 Whitehouse
et al. also have measured the K~p — 9% branching ratio. The results for these
experiments are given in Table II, along with the current theoretical predictions. The
most precise results are due to Whitehouse ¢f af., who measured the photon spectrum
from K~ stopping in a liquid hydrogen target with a high-resolution (1.5% FW H Af
at 300 Afel”) Nal(T!) detector. Their data are shown in Figure 2. They have a total
of 499 yA events and 850 yE? above a substantial ¥ continuum. Their results are
a factor of two below the theoretical predictions. There is considerable controversy
among theorists concerning the degree to which the K ~p radiative capture creates the
A(1405) as an intermediate state, which leads to theoretical uncertainties in extracting
the radiative width from these data.?-8.:%:10

In the experiment proposed here, these difficulties will not exist. A clean, tagged
sample of ¥ will be created through the reaction yp — A+ *. The radiative decay
of the excited hyperon can then be observed free of strong interaction effects in the
formation channel. Unfortunately, photoproduction does not distinguish hetween the
I = 0 A(1405) and the I = 1 £°(1385). This will present difficulties. Nevertheless,
comparison of our results with the results of the A ~p — yA, yE° experiments_will give

the theorists valuable new data against which to test their various inodels.

ITI. Technical Details of Proposed Experiment

A. Introduction

A beam of tagged hyperons can be produced by detecting the kaon from the
reaction

v — KYA(T7) (1)

using the proposed LAS.?! A tagged photon beam will be used to reduce the background

due to Mdller scattering of electrons and to establish the kinematics of the initial state.



The radiative decay of the excited hyperon is then signalled hy the decav sequence,
wp— K'Y — KYyA — Ktypr- (2)

A typical event is shown in Figure 3. The four momentum of the A is recon-
structed from the measured =~ p momenta, while the four momentwmu of the excited
hyperon is reconstructed from the beam photon energy and the kaon momertum. Fron
this information the decay photon fuour momentum can he calculated. Substantial back-
ground suppression can be obtained hy verifving that a photon was detected in the
shower counter at the appropriate element of phase space.

The A radiative decays proceeding via the £° have a more complicated signature;
vp— KPY" — K98 — KYyqyA — Kryypr™ (3)

This requires the reconstruction of the ¥~ and A four momentum as before, hut
now the detection of the % decay photon is necessary to determine the three momentum
of the % (The four momentum could of course be determined if the photon energy
were well determined. But this will not he the case for the 70Afe1" photon. Thus we
assume the % mass and calculate the three momentum.) Again detection of the ¥~
decay photon greatly suppresses the background. In this case however, it is really a part
of the zero constraint fit, because each low energy photon contributes only two angles,
due to the poor energy resolution of the shower counter. This will be discussed in 1ore
detail in the section on modeling. The most serious background is the emission of a 0
instead of a photon in the Y~ decay. With radiative branching ratios of 10-2 to 1073,

good 7° suppression is essential.

B.. FASTMC Sunulation of the Experiment

The experiment has been simulated using the program, FASTMC .22 The assumed
system parameters are given in Table III. All parameters not listed arte as given in
the CDR. Schumacher?® has shown that the acceptance of the LAS for yp — KA is
maximized by hending positive particles toward the beamline and reducing the magnetic
field to 20% of {ull strength, (due to low momentum of the ~). Therefore we have

made the appropriate changes in FASTMC and adopted this set of conditions to insure
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the 7% gammas misidentified 5= tha £% decay gamma. Impesing a serond 4 coincidence
requirement greatly reduces this hackground, but also reduces the yI? peak, as is shown
in Figure 6b. The tnass resolution is adequate, but the rate is quite low due to the limited
shower counter coverage.

Figures 7, 8, and 9 show the FASTMC results for the reactions

1p— K'Y {

b=/
—

where Y~ is either the Z°(1385) or the A{1405). Here a tagged photon heam of 0.7 E,
to 0.9 E, with E, = 2.4 Gel” was used. Again the figures represent 100 hour’s running.
Since the YA and 7E? branching ratios are an order of magnitude smaller then in the
A(1520) decays, and the #° branching ratios are four times larger {See Table IV), the
70 related backgrounds are much larger relative to the YA and v3° signals. The A
decays are still well separated from the z° continuun, as shown in Figure 8. However
the 759 signal is overwhelmed by the z° background as shown in Figure 9a. In Figure
9h we can see a clear ¥X? signal ahove about a 20% background. But increased shower
counter coverage is needed to improve the count rate.

Figure 10 shows the A{1405) and £%(1385) mass spectrum for events that satisfies
the ¥ mass cut in Figures 5a and 8a. The figure represents 500 hours of data. Clearly
it will be difficult to separate the ©%(1385) — vA decays from the A(1405) decays due

to their large widths and low count rates.

C. Count Rates and Background Estimations

We assume a tagged photon beam with an intensity of 107y/sec and an energy
range of 0.7 — 0.9F, for E, = 24 Gel", (E, = 1.T - 2.2 GeV), and 0.6 - 0.8 E, for
E. =32GeV,(E, = 19- 26 G:«1"). The total photoproduction cross section for A's
and T%s is about lub in the energy range E, between | and 2 GeV. The total cross
section for A(1520)} photoproduction cross section is also about 1ub at 2.25 (el 2526
The A(1405) and T%(1385) total cross sections were taken to be cowmparahle, lacking
any other information. Therefore, using a liquid hydrogen target of 1.0¢/cm?, the
7p — K1Y reaction rate is estimated to he abont 6 events/ sec for each hyperon.

These rates must be reduced hy the A — pr~ bhranching ratio, (0.64}, the branching



ratios leading to A's in the final state (Sre Table IV), the decav prohabilities of the kaon
and 7, and the LAS acceptance.

From the FASTMC simulations, we find that the acceptance is about 8% for
K* —p~ 7~ events and 3% for k' — p — 7~ — 7 events. The decays of the kaon and
7~ further reduce the rate hy a factor of four. Table Va gives the count rate per 100
hours for the various reactions. ‘

These low data rates could he increased by the following methods:

1). Move the target upstream hy 50 - 100 cm. This will increase the acceptance
for the forward going K'+. However it will reduce the shower counter solid angle, and
reduce the yZ count rate.

2). Increase the beam intensity to 2 x 107 or even 3 x 107. This will increase
the tagger deadtime 2 — 3 fold, and the accidental triggers due to the reaction yp —
7tpr~ 4 — 9 fold. This may generate too many accidental events which could overload
the Level 4 trigger and lead to too many events heing written to tape. A possible
solution to this problem might be to install a scintillating fiber vertex detector around
the liquid hydrogen counter. A vertex detector with nanosecond response time would
eliminate the accidentals from adjacent machine bunches and greatly reduce the trigger
rate. The Rice University group will explore the design of such a detector.

3). Add a small, good energy resolution photon detector in the back angles
(600 — 160°, for example). Such a detector would be used to detect the 70 AMev T?
decay photon. There is a proposal at BNL* to study the feasiblity of using pure ('sf
crystals as a high rate electromagnetic calorimeter. ('s/ has fast uv emission with decay
constants of 10 and 35 ns. The light output, with a suitable waveshifter, is 20% that of
NaI{T!) and twice that of BGO. This, in conjunction with moving the target upstream,
may be the hestway to look for the yE? decays. Further feasihility studies are required

to evaluate this option..

D.  Trigger and Particle Identification

The trigger must select events with a K'* in coincidence with the \ decaying into
p7~. As we have seen from the simulation, we do not want to put the y in the trigger

if we can avoid it. It is a powerful tool to reduce hackground, but it also reduces the
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count rate. The total hadrmie predduetion rate in the target is estitnated tn ha nnly of
the order of 2 x 104 particles/sec so that the ¥ coincidence is not needed to reduce the

trigger rate. Thus the first stage of the trigger would be:
Level 1 and 2 Trigger

a). signal from the Tagger, !
b). two {positive) charged particles hitting the LAS T-O-F scintillator
¢). one (negative) charged particle in the LAS drift chambers.

This trigger will alse select the reaction
yp —7tpr” (9)
Thus the trigger must discritninate against such events. From FASTMC simulation

studies we find that the X'+ and proton are limited to less than 60° and the =~ is less

than 0.4 GeV/c. See Figures 11 and 12. Thus higher level trigger cuts to impose would
be

Level 3 Trigger

d). # < 60° for the positive charged particles
e). P < 0.5GeV for the negative charged particle.
Finally to select a K,

Level 4 Trigger

f). The T-O-F vs. P of one of the positive charged particles should be consistent

with a kaon.

Since the kson momentum of interest is less than 1.5 GeV/c, this will be an
effective off-line cut, {except for accidentals}), but how effective an on-line cut it will be
will depend on the on trigger momentum resolution. Figure 13 shows the T-O-F versus

momentum plot for kaons and =+ from the reactions

yp— K1Y~ (10}
and

yp — wtpr” (11)
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There is a clear separation {or these reactions, which will give gond 7% -kaon
separation. Note that it might be possible to add a T-O-F greater than 15ns. cut to
the Level [ trigger. Figure 14 shows the background :r+pw; data, but with the heam
photon shifted hy two nanoseconds. Clearly some accidentals will satisfy the trigger.

The estimated trigger rates/sec are given in Table VI, for the conditions listed in
the count rate section. The yp — K *Y trigger rates have the various branéhing ratios
folded in. The reaction 7p — 7 pr~ has an average cross section of about 45 ub in the
energy range of tagged photons, (1.7 — 2.2G«1"}). The trigger rate for these events are
also given in the table. Finally the trigger rates for this reaction from untagged photons
is given. In this calculation it was assumed that the accidental rate for a untagged
photon to give a 7tpr~ event 2ns. out of time is 1/50 of the true rate for a beam of
107 v/sec. Further, it was assumed that the Level 4 trigger would eliminate one half of
these events, and more than 90% of the true yp — v+ pr~ events. As can be seen from
the table, the trigger rates are quite modest.

We have used a file of yp — nFpsx~ events as input to the FASTMC( program to
estimate the number of reconstructed 1’s and A’s due to =+'s which are misidentified
as kaons. For the small sample run to date, (equivalent to about one hour of beam
time, for N, = 107 v/sec) only 20 events survived the mass cuts and the trigger Level
3 cuts. No events satisfied the photon missing mmass cuts. Further simulation is needed

to verify this result.

IV. Beam Time Request

Setup and calibration will take place during the setup and calibration runs for
Ref. 23. These numbers include the usual 50% data-taking efficiency.
Trigger studies 50 hours
E, =32GeV 200 hours
E, =2.4Ge¥ 1000 hours
The count rates shown in Table Va indicate that although 100 hours of running

at E, = 3.2 Gel” would give a good measurement of the A(1520} — 4 A branching ratio,
little else would be measured. Therefore we will assume that the count rate has been
increased a factor of five by moving the target upstream and increasing the beam to

3% 107 y/sec. As mentioned earlier this may require a {ast vertex detector to reduce the
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accidentals. This target position will also be compatable with Raf. 23. Then 100 hours
of running at 3.2 GeV and 500 hours running at 2.4 GeV, will give the measurement
shown in Table Vb. Additional data on the A{140%) and T°(1385) hranching ratios
may be collected as an alternate trigger during the tunning of the “Electromnagnetic
Production of Hyperons” experitnent. However, they will be running at a lower energy,
1.8 GeV', which will give low count rates for the radiative decay measurbment. We
assume thai the shower counter will have heen calibrated in earlier experiments and
that this information will he available at beain time.

Further studies on the feasibility of increasing the v T branching ratio signal thru

the use of small, good energy backangle photon detector will continue.

V. Equipment Request

This experiment would require the following resources from CEBAF

1. Tagged photon beam

Flux 1 — 3 x 107 v/ sec

Energy resolution AE,/E, = 0.25%FW H M for a 20% energy hite
LAS Spectrometer as proposed in CDR
Shower Counter with at least 45° coverage. (90° coverage preferable).

Liquid hydrogen target 15 cm long, thin walled.

. Data acquisition system as proposed in the CDR

Possible equipment to be provided by the experimenters

1. Scintillating fiber vertex detector.

2. Small good energy resolntion hack angle photon detector.

VI. Collaboration

Rice University and The College of William and Mary will take primary respon-
siblity for this phase of the hyperon experiments. Although this proposal has not been
joined with that of Carnegie Mellon University, Catholic University of America, Los

Alamos National Laboratory, Virginia Polyvtechnic Institute and State University, CE-
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BAF, and Floridla State TTniversity group's proposal, “Electromagnetic Produrtion of

Hyperons,” (R. Schumacher, Spokestnan), it is clearly in the interests of our group to

do so in the near future.
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TABLE X

Calculated Raditive Widths FY (keV)

Transition MIT Bags IK-SU(6)% IK-uds® DHK?
|

A(1520) -» Z(1385) 0 0.034 0.079 ~0
A(1520) - E(1193) 3.4 49 45 74
A(1520) =+ A(1405) 0.002 0.35 0.66 0.2
A(1520) - A(11lle) 0.8 88 122 96
AC1405) > £(1385) 0 0.24 0.23 0.3
A{1405) - E(1193) 0 65 60 91
A(1405) -» A(1116) 2.8 137 lea 143
IZ(1385) - E(1193) 14 19 19 19
L(1385) - A(1116) 154 243 242 232

SR s R I R s T T N O TR S I R I N S N S T TS SR S AT I EA T E N TR SRR =S R =

TABLE 1I

Branching Ratios for K'p + Ay, I’y in Units of 1073

NRQM = Nonrelativistic Quark Model
CBM = Cloudy Bag Model

Theory RAY Ron

NRQM? 3.4 2.6

CBM? 1.9 2.3

Data

Ref. 2 0.86+0.07*3 "0 1.4420.20% 1+
Ref. 4 2.8:0.8 ’ '
Ref. 19 3.0%1.5

Ref. 20 ) <4



TABLE III

ASSUMED SYSTEM PARAMETERS

All values as listed in CDR unless otherwise noted.

a) Magnetic Field 1
1) Negative particles bend away from axis

ii) B=0.2-B

b) Threshold Cuts Pp 230 MeV/c
¢) Momentum Resolution 8p = 48p/0.2
d) Angular resolution unchanged

e) Shower Counter - Coverage to 459

Energy resolution op = 10%/1E
Position Resolution o, = 2.0 em/VE
£) Tagged Photon Beam N, /sec 107 v/sec
Resolution AEY = 3 MeV
Range 0.7-0.9 Eq

Electron Energy 2.4 GeV



TABLE IV

Byperon Parameters and Branching Ratios

**Below M=1330 MeV (nI® threshold): Mode=Nn

0 (1385) Mp=1384 MeV T=36 MeV
Rl Mode Rz Mode
.877%* A
0.50 nte
.12 L -1 0.0 no £o
0.50 Rt
.002 yA
.001 IO
A*(1405) M,=1405 MeV T=40 MeV
0.50 nte-
,997% 1 ** nt -} 0.33 o 0
0.17 nct
.001 YA
.002 yIO
A(1520) M,=1520 MeV T=16 MeV
.45 NK
: "0.50 ntre
42 nt -] 0.33 R £0
0.17 -zt
- 0.50 ntr-
.11 nEt -] o0.33 o 2o
0.17 n It
.01 YA
.01 vyIO

“Above M,=1432 MeV (NK threshold): R;=0.45, Mode=NK



TABLE Va.

Estimated Count Rate and Backgrounds for 107 v/sec

Decay Particle Detected Counts/100 hrs  Background
A(1520)yA K*Eu' 400 20 (yI%)
- 130 1t 0
A(1520)-yE® yK*En 80 25 (n0£%)
2¥K*p 12 2 (RO E0)
A(1405)+E{1385)3yA En 45 5 (yI%)
YK pn™ 12
A(1405)+L(1385)yI0 YK+gn _— —_
2yK*p 10 2 (noro)
TABLE Vb

Estimated Count Rate for Target 50 cm Upstream and NY=3x107 v/ sec

Decay Particle Detected Counts/100 hrs  Background

A(1520)+vA vK*pn~ 650 ~0

A(1520)->yE° YK+En 400 125 (n020)
2yK'p 60 10 (n®290)

Decay Particle Detected Counts/300 hrs  Background

A(1405)+L(1385)»vyA E“ 1100 125 (vL°)
WML 300 ~0

A(1405)+E(1385)yI? 2yK*pn” 200 S0 (n®Le)



TABLE VI : TRIGGER RATES

m< Range (GeV) Reaction o (ub) N ﬁx_oww 3 Charged x Level | Level 111 Level IV
\ LAS Acceptance Triggers/sec Trigaers/sec  Trigeoers/sec
1.7 - 2.2 vpKY 5 1.0 0.047 SR 1.4 1.4
1.7 - 2.2 yp+Nwm 45 1.0 0.054 15,0 3.5 <l

ACCIDENTALS (1750 of Events Seen for N = 1 x 107 y/sec)

1.7 - 2.2 yp>Nrm 45 0.7 0.054 0.2 0.05 ---

1.3 - 1.8 yp>Nrw 125 1.8 0.056 1.5 0.42 ad), 2

0.9 - 1.4 ypNmm 450 2.1 0.046 5.2 2.16 nl
Total trigger rate for z< = 1 x 107 y/sec 23.3 7.5 "3

Total trigger rate for z< = 3 x 107 v/sec 8.5 28,4 "7
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APPENDI X

HYPERON DECAYS

T. Coldman, M. V. Aynes, R. €. Mischke, snd T. Oka
Los Alamas Hacional Laboratary

Te Wa L. Sanford
Sandia Vational Laboratary

Just as LAMPF has perzitted nev levels of pre-
cision in investigactlons {nvolving plons and auans,
LAMPF IL will factiicaca such progress above che
thrashold for-production of particles with stTange=
cess. While Cha strange aesons may Tecelve mostC
actencion {rom particle physiciscs, che strange
baryons also provide assential fnpuc to che search
for a couplete deseripcion of subacomic physics.

To keep the discussiom of hyperon decays togecher,
sowe topics (n stromg-inferaction phyaics are
Laclided {n additiom to those rslewant to elgctro~
waak physics. Hyparow-ouclecu Lnteracticas ace
discussed in a sop-cnti section of this document.

I. PFRODUCTION OF EYPERONS -

The high fluses of mesons ac LAMPF II will
faver hryperon prodection by vs and K°s over that
by the primary procem besm. The scroag-intaractiom
physics to be learmed from the production mechanisw
will iavalve boch kisds of besma. Particularly ine
taresting has bdeen Che discovery of polarizacicn of
hkyperoms produced with soderste transverss momen—~
tum.l*Z The dats shew that A’s, 3%%s, and 3I™'s are
polarized and ¥ sre produced jolarized wich che
epposita sign. A°s are unpalarized. The polariza-
tion varsus transverse someantum 13 basicilly inde—
pendent of target smd Incidesnc enargy (for compa~
rable Feynman x valuas).

These dats ‘ave had consideradle Lmpact on
wodeis of hyperom production. For iasctance, thar=
modynsmic sodels de m:. peedict polarizaction, and
iz QCD wodels vitk ssmy contributing dlagraus po=
Lartzacton 1s unlikely. Ouark sodels! have had

some sucGess in deseribiog che cbservacions and a
next generation of experisencs will prowide {npuc
for refining cthese models. %hila che reglon of
highest cransverse somentus will be probed ac
Ferailab, syscematic experisents, ac lover anecgia
will be very importanc. At LAMPF II snargies,
final~ecaca wultiplicities are manageable, vhich
will factilitace the scudy of axclusive channels.

IX. RYPERON STRUCTURE
Kapy of the hyperon ground-stace properties

" bave besn measured alresdy to good precision ac ex

lascing facilitles. Iadeed. evem the excitad-scace
spectra of tha A, [, and 3 have beea knowm for som
time. Yat the crucfal data addressing the issue o
hyperoa scructurs in Cerms of the quark sodel are
missing. The scatus of owr understanding of barye:
structure {n gemaral and hn_-k:u_’al:ruc:un in par=
ticular {2 similar in sany ways to eacly developtinm;
scages of the nuclear shell wodal (abeuc 1950). A
that time Chare was an abomdsscs of wodels esch
eqaally successful ia reprodeciag the ground-gcate
properties sand excited-sCaca spectrs of nuclel.
Tat each wodel zade wary diffaremc peedictions for
the structure present im these scates. The sane
diversity in scructure is present Coday in the var-
fous quark aodel predictioms for the baryous. Jus
as in ouclel, sessuresencs of electromagnetic de—
cays of baryou excited ecataw vill test our quark
wsodel underscanding wich the high preciston unique
to electromagnecic processes. -
tn a stwple Chree—quark model (¢3), che grounc
scaces of che A, L, and 3 hawe up, _dM. and
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The light quartks

ecrange quarks tn che S1/2 aebic.
{up and dawm) are cousled co cacal spin-iscapia
€=0,TeNtfor the Aand ¢o S = L, T = 1 foc the
£ as displayed fn Fig. 1. The remaining 3 =~ -1
avan-parCily scace, $*([183)3/2%, has che scrange
quark spin sligned wick che S = 1, T = | lighe
quacks (Fig. 1). The ground snd excgited sgates of
tha i have Ctwvo strange quarks {3 the $51/2 arbie
couplad to S » [ as shown (n Fig. 2. For the
ground staca the temaining light quark {3 in tha
$1/2 orbiZ coupled Co give 5 » 1/2, T » [/2, vhere=
as for che excited scate it {5 coupled to give

$ e /7, T~ 1/

The odd-paricty scaces, A*(1403)1/27 and
A*(1520)1/27, have one quark {n tha PL/2 and ?3/2
arbics, respectively. DeGrand and Jl!!t_“ have
pointed out that the kinati: snsrgy for che 1/27
‘ltltl i3 considerably lower (f che strange qusark,
tachar than one of the light qusrks, (s placed ia
the P1/2 lavel. Thus :hq qJ $1/2 canfiguration far
tha A*{1403)1/27 state comsists of the light dqusrks
o $1/2 coupled o $ = 0, T = 0, and the scrange
guark {n cha P1/2 orbit as shawe in Fig. 3. This

| . : P3
4:{”!51
GHOUND STATE P 3
o g
LA
5§40
T=Q
P3
L.(1193)
SRQUND STATE g
J¥ . r §
2 —?—?—9—3'3
i Sl
Te
3
" usast |
JT. 3 Pz
2
S
—?—?—6—, %
g
Tl
Fig. 1« uark-level occupacton dfagram for che AL

gtrownd stactes and for the L*(1383) in che g3 wodel.
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]
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i .
&
£ (320
GRQUND STATE. P}
b
J7 e $ 4
1 ¢ ,? 5'2
fig. 2. Quark-level accupacilan diagram foc the =

ground and excitad scaces i{n che qJ aodel.

3

"2

A" 1405 $ :

- —————,—-PE
ez

A A iy

- T T 2

Fig. 3. Ouark-level ai:unlcton diagram for the
A*(1603) {n che-¢d model. .

configuracion requires that any radiacive craesi-
tion from Chis scace i3 a pure, strange quark
P1/2 « 31/2 crawsition. Because the electromag=
astic oparacacs cam change the quantum aumbars of
oaly owa particle, the radistive videhs for
AS(1405) » L%(1193)y, or L*(1183)Y, are scericely

Tha simplasc 1’ configuracion assumption for

the A*(1320)3/1" das the scrange quarit ta the PY/2
staca vith che light quarks coupled Co $ = 0,

T = 0. BRewever, gluon exchange calculacioas by
DaGrand? amd othets indicste a sizsbla sdmixture of
- Light quark occwpacien in the P1/2 arbic with the
resaining quarks iz S1/2 coupled ta S = @, T = 0,
an shown {n Fig. 1. In the notattan of Defirand,
the A*(1520)1/2" wswe function ls vriltem a8

LM «a b e 3’ re LI

laf2 + bl2 e Je)2 - 1



vhare 15'"1 masns Cha SUC)) flavor sultiplet o with
Netirand finds ¢ = 0.83, b = -0.51,
a = 0.1, indieating s ptadominanca .of singlat and

tacal aptn 3.

actet configuracions 2 slready discussed. The ‘5_
componant corraspands Co having one quark in the
P1/2 ochir, the twe $—stata quarka couplad to
§$ = |, snd the syscew coupled co 3/2”. Othar gluam
axchangs calculations find sisilar sdmixture coef-
ticients with smaller "1 contributions, however.
If che suall "_I' sduixtyres ace ignoced, the vave
function 1s as showm la Fig. &. This ecoaffguracion
and the one-body maturs of the slestromagnecic op-
erators implies that the radistive widch for tha
cracaition A%(1520) « I[*(13A5)Y is zero. We have
therefore in the pure ql model three forhiddan
radfative Cramsicions A*(1605) = £O(1190)y,
£+C1383)Y, and A*(1520) + T4(1383)Y due ta this
selection rule.

Thars (s an additfonal selection tule that
encers fac¢ stowe af the Cransiticua af Lacavest
The STH1) classilication schews placas the
gtound scaces of [ and § in che 1/2* beryos octec
vheress chelr flrse¢ exciced scaces, L*(1IAS) and
3%(1330), are neabars.of the )/T" varyomr decusiet
a8 dz-phrqd fa Fig. 5. Ia this {fgure ty 13 -
plotted versus hypercharge with T-spian, T-epin, ascd
V=gpint axes. (o pare 5U()), T-spin and O-epin ace
iavariancs. Thus the [*" and ¢ being (n a U-spin
qUATTAC cannoC decay through a T~apia sealar incer—
action Co Cheir Tespective grownd icaces, vhich are
in a U=-spin doublet. Tha photow transforms as 4
U=apin scalar and thus the alectromagnetic decay of
these scated Co thelr groumd scaces is forbidden.
In coatrast, the electromagnacic decays of tha I*9,
tv*, and i*9 o thair respective groumd states do
net violace T spla and ave thus allowed.

st(3) s, of :uru.' a broken symsacry and L
ts peecisely the syssetTy bdreaking that selits cthe

hars.

A_(1530) ’
+* p
LN L
A H {
3 st
Pig. 4. Nusark~level accupscion diagrams for the

A%C1520) in che ¢) nodel,
configurations ars shown,

Rock singlec and octat

-

Pigs 5. cy versus hypercharge display of che SU(3
baryon octat and decuplat. The I=-, U=, and V-apino
axes are as showm.

wgsesd of the mumbecs of 4 waltiplat, Thus when
the conscitusnt quasrks are sllowved To hawe
different masses, the strange quark being heaviar
than ths nonstrange onas, the forbidden transitiom
Jusc ¢ized bacome sllowad. The electromagnacic
ctansition amplitudes will be propottional to che
dtffarunce batween the strange~ and down=-quark
aMsses.

- The remaining allowed vidths can be calculace
scralinhtforvardly from Che quatk vave functions:

1 - -
Ve = 2 -z-s-;.—-,—-l- .1:' l“'.f! It dr 89

‘1".h' L 4

F e L T TS T
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Ta this expcession Che curtent apeviatar Ls xiven by

.

;l_ - ‘f'hg' .

with ey the charge of the quark wick flaver f; k Ls
the photon aomentum: ¥{T*) is the inicial (flnal)
quactk vave functign; and a is cthe usual slectro~
Moniz, Soyeuf, and Kaxiras”
have calculaced the allowed radiacive widths for

aagneatic propagacor.

the nsucral § = -l scaces of intecasc in che can~-
text of che fixed radius, static cavily approxica-
tion to che MIT bag model. Thair cesults for cha
pute q] vave functions are listed la Table I. Also
listed {n cthe table are cthe results of T. Kaxi-

[ L)
ras,

who Nas caleulacted these widths La che con-
cexc af cha [Igur-Karl (IX) model.® In chis wodel
tvo secs of basis scages vere used. -Ir the "SU(4)"
basis Che spin-isospin weve functions ace symme—
trized {n all three quarks and they acs givea (n
The transiciaa-widchs
ave calculaced, hovever, with diffaving quark

sassas. In che "uda™ basis, the vave functioms .-re

the limit of equal zassas.

“r. Moniz, M. Soyeur, lnd T. Raxiras, MIT, privace
. em&nnm.

“r h::.m. peivaca communieacion.
- TABLE T -
RADIATIVE WIDTHS IN THE MIT 3AG MODEL
AND IN THE ISCUR-KAXL (IK) MODEL
Iy(ka?) ,
= > —
Transition MIT Bag Sucs) wds
A%(3/27) = % (32D a 9.034 0.079
1147} o] 58 49 AS
AL/ 0.002 0.15 0.56
ALY 1.40 7 122
ARCI/ZTY = TeC3/2N n 0.26 0.23
1729 ] &5 . 60
AQ1/2h 2.8 137 164
:“(le‘) . mn‘}j 154 243 2462
tic1/2 s 1 © e
:-'(:m*) - Y — 1.3 2.1
eIy - Y — 141 103
/2N - A/ 4230 8.4 AR
3*9¢3/27) - UL — 118 11y
3TN - T2 — .6 2.8
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symmatrized only wigh cespect to the o and o
quarks.

The strange~ and nonacrange—quark masses
Atq ctreacad as hefors., The resuilts in these cugy
cases are listed (n the appropriace colusns tn che °

table. Evidencly the three different predictions

In additton,

soae of the transictions forbdidden in che MIT bag

ave slloved in the IK =odel. !
The assumption af purs q’ configurations far

dtffec by 28 much as a4 factor of &0

chese states has teceatly heaen hraught Lnts ques-
tion by Mulders,”
q‘E adafxcures for che A*({1403).

who calculatad che impoctance of | -
In this work the
quarks for the q'3 coafiguration wers tiken to be
ta the $1/2 ochic and the q7 configuration vas
taken Za de a3 shown i Tig. 3. Osiag a siaple
two-stace alxin.. model, an estizaca of the ralacive
screngchs vas obczined.

A*(1403) = 0.4 [4°D> £ a.6)eP> .

Suek a lasrge Q‘E aduixcuce for che A(L4IS) constid—

srably alters the resales 1tsted iz Table (. In
particular, the A*(140%) « 8y 2% tranaition ratas

are no lodger zeco. MNoatzr and Somr have ealcu=

laced the effecc of tacluding Chese q adaixtures .

on the radlacive widths by using che results of

Stroctaen for Che q"ﬁ components {a Che A and L N
ground staces.’ Thesa cesults and Sheir esCimates
for such admixtures in che A*(1370) scsce are
liscad {a Table IT. Becauss the relacive phase aof
tha q'&' and 13 comtribucions (s tet kmown, “the
tabla displays cha results fer coastructive and
dentructive iacarferesce. The A*(14d3%) tadiative

'P. Muldery, MIT, privace commumications.
TANLE TI
mumr Ergms nt THE NIT SAG MOOEL
avo o3 ADMIXTORES
F(ka¥)
Tranaition 1D + 14D 1*D - 19D
AR(3/27) = B(1/2D too a8
A{1/2N 13 3
A%(1/27) = o(1/25) b r 1] 113
ACL/2TY 20 &



decay to the [ ground scate has no q° componant and
goes anly through the ¢*3 adaizcuces.

The uvailable electromagnecic daca on che
scaces of (nCeresc heare i3 quite 1parse. The
£9¢1193) decays 100Z ta A%(I116)y and has been
measzured by Dydak et al.® ¢o be 11.5 %t 2.5 keV. 1In
this expaviment & 20-Ca¥ A beam at the CERN SPS wvas
Tha Prisakoff effect
vas used to produce 19’5 in the tnverse resction
A+rerl,

iacident on a uraniom gargec,

This value does not cowpare vall with
che MIT bag sodel caleulacton, which prediccs

4.5 kaV ot abour four times swallar. This is noe
Coo surprising as the sswe model predicts 153 keV
for the & + Ny radiacive width vhersas the
experimental value {5 530 ke¥. The Ceasone for
these discrecancies ars not underscood. The scacic
bag approxtimacion neglects recstl, which will alcer
the thearstical pradictions, Mt no e3timate of che
changed values 13 tvll.le—Il. The IX model
prediccians, 8.4 and A.8 ka¥, are about 202 lew far
this cransfcion.

Thare exiscs one messurement? of the
A*(13520) « AY(1116)Y. Hovever, ta obeain the radi-
ative vidth, an apprecisble L% dackgroend subtrace
tion vas made assuming thac the A*(1520) is an
. SU(3) staglec. Sueh a ndcl-dtpeudca: subdtraccion
sevarsly cowprouises the utilicy of chis nuin-
want. Lascly, therw are upper bownds on the
T*(1383) rndiacive decay vidthe,l?

The low=lying excited states of the $ = =f,-1
baryons pruvide a very uwseful laboracory in which
Co study quark coafinemenc modals. The pectium
iocludes bach positive= and tegacive-parity scacas.
The positive—parity scaces and cheir incarconaget~
ing cranaiiions allow for casts of tha S~scata vgve
fumctions and quark wagnetic moments. Ia additiom
they wny allow for cescs of possibdle quadrupole de-
formatians chrough che presenca of 2 compomencs in
the transitions. The oagaCive~parity staces and
theix transitions provide s differenc tasc of quark
wave funccione, oue in vhich the ordital quencum
munber of st leasc one quark musc de changed.
Finally, dua to their very nartov wvidchs, the
StTange~reavonance excited scaces are ideal probes
for tha study of resonance prapagation Lo muclef.
In particular & cosparisen of che {ree—space elec~
Cromagnecic decays with chose securring Ln &
tuclear sedium will provide important iaformacion

on the aedlus—madificscions to confinemanc. an
experizantal decarminacion of these radiacive 1]
sition widthe boch in free space snd (n the nucl
mediue will {lluminate che quark sCrucsuce of ch
stactas in parcicular and can help to direcc the
valopment aof quark confinewenc models in genercal

IIT. HYPEZRON DECAYS .
A: Seatlepcontc Myperon Decays

An underscanding ofl veak Lncaractions becwe
quarks will coma from the dymamies of high—energ
callisiona and from the sysCematics af dound
staces. SemilepConic decays of baryons play a ¢
cial role in tascing quark wodels. The prasenc
s{tuation caa e sumarized by obscrlrtng the suc
cess of the Cabibba cheory in genaral, but nactn
faveral lmportant dlsa;r“-enu that (adicace
clul.l.eng-u far Ghlor'l'..lt.l.— It fs likely a sucqes-
sive app\;ezl.:u::.un tachnique vill be used-—as aox-
perimencs laprove, mors sophiscicaced wodels wil)
9% Cequired uncil, sc some poinc, a "correct”
theory will eserge.

The comparison betveen theory aand experiment
i3 usually made vis the six form factors chac ap-
pesr o the general form of the hedroaic weak cuz
tent. Far semileptonic hyperon decay che Ramil-
Coanian i3 given by

G i
% - rz Jxl- + Hice.

vhere C = 10"5/-§ is the usual wesk-coupling con=
scane,

2y = ¥ i1+ Tsin, + Y11 + TS,
is the leptam current, and
1) = cos 9, Gy (1 * Te)d
+ 1ia 8, cos 04av, (1 + T5)s
{s the hadromic curremc. The angles #; smd 8y arm
from the Kobayzshi-Maskaws form of che quark wixiy

sacrix.!! These sagles st de determined from e
pecimenc.

The macrix element of che hadrowic currenc M
tueea hadrons in the decay A + 3tv a ghiven Yy
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All che form factors are relacively rveal Wy T
{avacrfance. The terme 13 and £ vanish Yy Geparily
tavariance and SU(3) symmetry. The gy Cera 12
relaced to g; by che Caldbargec~Treiman relation
and for qz = ¢ tha tslation {s given %y

2a,(z, + %)

g3(0) = Z

This rtmlacion has noc been testad by the decay, ba~

cause gy term L5 aultiplied by & factor (-.I-‘)z
and neglizible ia the slectranic decay modes. How
avar wa can axpect larger effect ia the muonic
decay modas. Tor example, the decay race & ~ pﬂ'“_
is expressed

F a r(ed(0) (1 + 0.025a) + 0.00%07 £,(0)E5c0) _ -

.+ 2,986 ¢3(0) (1 + 0.0468) + 0.427 g, (0)gy(0)
+ 0.00193 3;(0)g4(0)

vherse

61-:‘( siné lml,)"
e

» 2.5%42 = 107%
1299

.tha patamecers 4 and ¢ are dafined as !1(12) -
2,001 + aa?/(m, +'m)?] and gy (o) =
£,C0) [1 + 84%/(u, + )], respaccively.

flalag che SUC3) crelacton far form factorvs,
a=9, 5=3, and tecenctly obtained values for P
snd D, that s, £,(0) = =1, €,00) = T 4y, end
5 (0) = =(OF + 5)//F = 0.563, tha racio of fgc /T

This valus may Ye too small %o abcain the (nfacwa=
tion abouc Ly Cers even in the mn‘tc dacay acdes.
This Leaves £,. g4, and £, as che xoac likely to be
significanc.

The expefimencally detarmined quancities are
the decay rate 1 and angulav-corralacion coeffLl-
clencty. The lepton-neutring angular correlacion

g, {daduced fsom che tucleon aderyy ipectrum} and
_R do net require palarized hyperons, Wt gy, &,
and a, messure the correlacfon wich the hyparan
spin direction.
Explicit exprassions can be vricten Zo ralace
R and che s’s ta £y, £y, and £, Ixparisencally,
the decay rate for A + Alv is telated to tt and gy

by .
T = Ghatals __”‘;’ e, 2 + 3t - 36)

vharn dm = M, = ¥, and only cCerms up to firsc ovder
ta &

have baen kepc. In addiciom to the rate, the aag-
atcude of g,/f; i3 celated to the lepcon—neufrinag
cartalacion seatficient sy, by '3

1. .2
f0en

- - 28

in Wcosd, ) = (1 & .“mo“m. The sign of
§y/f; can be extractad {row the corralacion betuuen
the directiocas of tha decay particlas



2ty = my? = (20 v )T w200y 4 )]

2+ 15,2

I‘ -

0y + 67 - P2 - 5D e 2508, - gy

310+ Blacey + 23]
!lz - J‘lz

in L(3) = 1/2¢1 + c{?’,i) far polarizad hyparona.
F’ is the hyperan palarizacion and § ts the dirsc-
tion of the decay baryom.

Ic {3 also possible to specify £, and ¢y ta
teras of che electrosagnecic form factors of the
neutron and proton using tha consarved—vector-
eurrenc hypochasis. Then £y and £y are givea by
Clebsch—Cardon coafficiancs and the snomalous mag-
neatic momency of the oeutrom and pracan. Than gt
is expreszsed in Carms of cwe unknown SU()) reduced
farm factors, F and D. Recently, Garcia and
Kielanowskild have fic all hyperoun semilaptonic
data co cthis wmodel with F, D, and 01 as parisatars.
They assuse the simpler Cabdibbo theory, which Juse
fets 84 = 0. 1Tt is found thae tncluding radiacive
corractions and the q"_' dapendance of the lesding
form factaors makes a significeat improvement {n Chae
£it. Tven 30, a few pleces of exparimencal daca
refuse Co f1Z. Most nocable is che electron asyw=
ety o L « aev. The sign of the racio 'I" is
opposite that pewdicted by che Cabibbo model’

Only pracise data ea ssmileptonic hyperom
decays vwill produce significant sdvances in theo-
retical undevstandiag. It {s clear thac sppromi-
aste S0(]} symmetry is valid snd the gioss feacuras
of the dsca sre neatly cacalogued. But a resl
theory needs to describe the symmecry-bresking
effects in decail or sven alternacive sysmacrias.
For example, the pesstidilicy thac a left-right sym-
sscric theory will fit the data Le being Lovesti-
gaced.

R. Nonlencanic Necays
Nonlapcontc decays vuch as -
A = pud
-

+ ‘r‘“) .‘ y N3 , NGL- J"\-u,L . ‘rt't q"‘ml‘-’.
B o o
ﬁ\"—r\ , l'-’ v Ga .‘ﬁtﬂ S[-‘k‘\m ) Hfl -

veielh ~* Seein ~ Ll- td 84) wield At

-
- an

are used to cast the A1 = 1/2 rula and ocher QCB
predictions.

Thay are transitions vhers the final-etace
baryon=pion pair can be 1a qither a L = O or L o 1
scate. Lat ¢ snd p be the parity—changing (2 = 0)
and parity—conserviag (i = 1} smplitudes, respect-
Then the transition macrix tu: hyparon
decay 13!* M« & + (7 * ).

ively.
Rare § s che unit
vactor slong the dirsction of the decsy bdaryosm in
For hadroale collistone
like s”p « £7k* che hyperon {s polartzed perpendic-
ular to the plane of tateraction.l$

the hyperon rest-{rame.

Fac such a
situscion s aad p are relaced o che auymmetry
paramecar a via -

Me(s"3)

RNTPIE s Sy
ia the angular diseributioa of che decay baryoa in
che hyperon frame: [ = | + ai, * §. Agatn Py s
the hyperon polartzaction.

-The asywmetry parawetar has deen eeasuted for '
many hadronic decay channels. Howewer, the O~ is
difficult co produce so that a 1s poorly kmewm for
1ts- various decay modes.- For exampla, Remingwayl®
wessured g = ~0.2 2 Q.é for Q7 + AX" decay. Tha
tesult is {n sgreement with the calculacion of Fin=
joﬂl." wvho expects che decsy to be nearly partity
consarving, Jtaciscics ace weak, howvever, so much
could de learned by inereased 2~ produetion at
LAY II.

Tourguin sessuredli?

T~ - %)
ra” - 3729)

= 2.9 = 0.1%

for che decuplet—octet transition. Because che 0~
concains cheee un-agc quarks, “the oL « 3/2 awpli-
tude is expected to be 202 of the AT » [/2 sapli-
cude,!d giving

r@” « %™ -
T@™ - 379)

)= 0.3

in agreemeac vith expecisenc.

Inptovensnts in expectiment are neacessary
bafare a4 tasc of ane of the procosuccesass of Che
scandard wodal af the sctroang and electroweak
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This {1 tha deginaing of
a dynamical underscanding of the 4l = 1/2 rule in

tncetactions can be made.
nonlaptonic hyperon and kaoa decays. The effective
wnk—l.nnrac:.!.an Ramiltonian for quarks Ls no¢ that
given by the CWS sodel alone.
{(in principla) effecca sre induced by gluon ex=
teicial=- and
fianl-scace, ate., intaractions as indicaced in

Yinicte, calculable

changes. These come in two forms:
Fig. 6§ and alse "penguin” effacts, such as shewn in
7igs. 7. Tha latter have no physical effects vhen
che strong intaractions are absenc, as Chay can S.
absochbed taco & weak-interactlion vave~function
cenacaalization of the quarks. Because of che
vectorial coupling of the gluon, these penguin
graphs {aduce effactive nonlepconic rzgh:-h;uded

chargad-current interactions as well as affqctive

lcr:nlcncu—changing neucral-curTent lataractions. -

Ve say chese calculations!? are procosuccesses
as Chey indicace enhancement of Al = 1/2 processes.
Uafarcunacely, thesa "shart distance” calculations
do not shaw sufficlenc velative (ta Al = 1/1) an=
hancewsnt Co explain the data. This alone aay not
be %00 unsatisfactory as thers are additicmal "laog
discance” (current algebrs) pieces thac have aoc
besn included. HNowever, thers aTe ressons to quas~
tion even the aagnitude of the short distance en-
hancements.2? _Explicit one=loop calculagions show
chas there aay bde significanc ouissions ia the more
popular “lesding logarithm apyraxisscion” (or Oper-
_ atar Product Expausiom) calculations.it

Nou:hclql, cthis i{s sm active area of theo—
recical effort.iZ If sore detatled {nformaciom oa
decay channels (finsl-scace polarizacions would be
vary impoctamc) could be obtained, sexy of the
eabiguities night be resolved phenomenslogically.
Because Chey involve the dyasmical ingarplay of che
strong and veak inceractions beyomd the level of
Crwe graghs, studiee ia this ares offer deap tesca
of the full quancum fleid theery of cthe scandard
sodel.

Ce Radfative Decays

The radiacive decays LV - 5y, 39 - 9y,
$9 « Av, iT < L7, and Q" = 37y are used to tast
QCD caleulacions (sew Sec. I1) end are sansitive
te the concridbucion the peaguin diagrze askes to
che procass.

The decays fall {nts the genaral claes of
deeay
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BP() « By(Py) * (k)
ke o-r, ,

vhich ere descrided by the transition sacrix
M= L,000P e + wrgle, xoucr)

L, is che photon polarizacica, and aisad b are the
parity-conserving and parity-violacing amplicudes,
caspectively. The aswplitudes cam be entimaced by
QCT calculacions. They are relaced ta the decay

tace [ and asymaelry parismter a by the equatlions

H 2y
M, - -
-r-.". (‘ ‘&) Crat? + Y
1

WRala*h)

T® e—

1a1? + qu?

In the exact SU()) Limic assuming CF {nvari=
auce, T=spia syometry, and & curreac-curreat form
of che veak {ntaraction involvisg caly left-handed
currants, a i3 predicted to be rere.l? Stroag-
incaraction effucts can be included via curresc al-
gebra calculacions and yleld pradiecioms typically ~
about a v «}.15 (Rafs. 26, 15).

Other calculations te detarmine stroag fatec—
action effects employlag dispearsies relaticms Co
evaluate coatriducions of *N Lacermediscs scaces
have results ranging from =1.0 (Ref. 28) o +0.8
(Raf. 17) depending om Laput parmsatars. Theorat-
ical resscus have besn presanted thac tule againsc
such large values of a from streag lacecsetions and
woet pradictiouns faver smaller walumes.l? 28

Racantly cwo papers have besm indepesdescly

-pablished which predice s large asymmaccy, a » -1,

a8 & resslt of a rvight-handed curTeant between cha
charned asd strange quarks.i)»d? Such curremcs
have b,u suggeecad to explain the nonleptomic

AL = /2 rule aod the lscge racie of seulepcemic co
senileproate veak decayn.l®edl  pregenc highwenargy
osucrise data, soat acCably che <y) dependence af
the rwactioca ¢N » y*x and che lirge tacie

a(S0 + u¥x)/a(VR « u"x), are indfcative of righce
handed currescts betveen Che uswal quacks amd &
hesviar object.!? Thus, there serems o be evidencs



(a

rig. 6.

w_ d

ulc)

S -
ulc)

q q

Fig. 7. Penguin diagram contribducica Ca
stranganess—changing processes.

tor right-handed curreats, and sech cutrents can
cause a large asywmsetry tn L% e gy, . .

The only sessurssent of a {s che rasult of &
bubble chember experimenc!? sod s

s e 10313232 .7

This resulf {3 based oa §1 events.

The valus of a has taken om oew sigatficamcs
48 a result af the shewe ldeas. Tha statistiesl
quality and systemacic wacertalacies ixvelved in
tha presant ssasured valwe ars quite pesr. Bacouse
s is & fundemencal sad inCerescisg parsmetsar ia the
Mummuundmyolm:"hmn
DEV Seasurement with good scacistics aod the fea—
ture of swall systemacic srror inhevenc ia relar-

“ized target experiments is oeaded.

Vithia the frasewerk of QCD the three Cypes of
quark diagrsms shown fn Pig. & sre belicved ts coe-
triduce to the direct tadiacive decay. The fewr-
quark dtlagram, ot sllowed for 3~ or O~ decays, ta
alloved for I9 decsay. A compurisom of 30 decay
wicth 3™ and 2~ decay then allowe the four—quark di-
agram %o be isolaced. This type of analysis is
baing praposed by R. Poscar ac INL using the

sitions.

. |
) ¢ g g : g E X
W W w
(@ o )

Gluon exchange correcticas for vesk pracessas. t

Mediuvw—Znecyy Separaced Beam {2 conjunction wich
the Multiparticle Spectromecer.]® Zven assuming
that the experimenc of R. Poscer is tun, it is evi-
dent from Table TII chat TAMPY [I can de used to
sska a subscancial {mpact on the understanding of
these decays.

D. _ Suvpressed or Forbidden Uecays

The increwase of cleanly tagged hyperous ancic-
ipacad at LAMPF II can be used Co improve limits on
4 sultitude of suppressed or facbidden decays. The
followving provides a list and discussien of a faw
posaidbilicies togethar with currenc exparimental
Umits. .

1. Stﬂnnun:-ﬂunglas M:ral-c;mu Tram=
Strangeness—changing neutral-currants are

suppressed by che GIM cancallation wechanism. Uike
kase decays,!® hyperoa decays chac tnvelve such
carTeacs shoald exisc in second-order in the elec=
truwask incarsction and be calculable ia any remorc-
mlizable gauge theory.

A Uaie of -

-
rat - pete)) o, 1ot
r(z* - all1)

for such a process {s given Yy Ang using a bubbla
chanber vith a stopped—K* beme.}?

2. 45 = 2 Transitions. XNo decay chat vio~
lacas the [431<1 fule ia firsc-order electrowesk
istariction is knewvam To exisc. Searches for such
processes consequantly are of ‘usdsmental ispor—
tancs.

The 45 = 2 cransitiom 37 < pw™ vas looked for
by Geweniger et al.)? uging che CZRN neucral-
kyparon besa. They seg the listt .
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Pig. 8. Coatriducicns to radiacive hyperon decays.
TABLE I
- RADTATIVE HYPERGN DECATS i
Reaction Authar Evenc Sranching Ratio®* a
t* « 5y Cerstwtaldl 4 (2.76 £ 0.51) = 107} -1.03%3-32
ITecr  vends 0/3130 <.t = 1073
P -y Ten!$ t (s =5 = 1073
] 39 - 20y Yan23 o/s07 <6.3 = 10”2
87 + 3t  Sourquinl® 0/2000 - - 3.1 % 1073

Sppar liaits ars at 90T euﬂdmt lavel as u.ncnd ta Particle
- Group, PFhys. LatZ. 7“. 1 (lm,o

mhnpmn:*«uy-yluwaahuummr

B 2 5% 36 x 107 .

r(3% - axd) such & search in kaom decay becauss the decay does
aeC require & cowpliag ©s & peewdescalar curreac,
which would be sensitive Co helizity ssppressien.

Siailarly, Bourquin {a the CZRN charged=hyperom Nowgver, tha lixit on the pessible brasdisg racie

beam st che limtctd

T(R” = Ax™)

r{a~™ - all)

for Q° decay.

3. Flavor—Changing Neutrul-Curvest Traosi- will ba obcaiashble s LAOP II.

clons.

Q.3 = 1073

lort"’--chuy:hym!nndam.
. : hased on the & = Ly msas {iffetwnce snd the cur-
teut K, <+ ye braaching ratio, {s ealy
m(L* « pua) $ 1082, Obvicualy, ta chesrve such a
dacay, clesn end latense I fluxes are neaded as

Tlaver—changing AesutTal-curveat Cransitions

are sensitive Ce neaw intarsctcions that are expectad
from horizoucal-symmetry wodels that relace gesera-

tione.)®

Tane and Thonl? commenc thac & search for
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F1G. 2. (a) The experimental spectrum of data from one of
the two running periods showing the two signal peaks plus
backgrounds discussed in the text. (b) The region of the spec-
trum containing the E% signal. The smooth solid curve is the
total background; the solid histogram is the fit to the dats. The
signal contribution 1o the fit is shown separately at the bottom
of the figure. (c) The end-point region of the photon spectrum showing the Ay radiative-capture peak and the end-point regi
the x” decay photons from the Ax® channel. The solid curve is the best fit. The background from X~ decays plus target em;
shown as a dot-dashed curve, while the contribution from in-flight interactions is shown by a dashed line. The latter are the
inant contribution above the cnd point. The Ay signal contribution is shown as & scparate dashed line.



Figure 3: Typical yp » K'Y = k¥ yon~ Event in LAS
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from reaction yp+K A(1520}+K vyA



COUNTS

COUNTS

%° DETECTED

500

400

300

200

100

0

L

||ll[l|

lllllllllllll

|

lllllflll llllllilllllll

|!II'L[JL!JJL1!|

.+ﬁer.l

-0.

50

02  0.00 0.02 0.04 0.06 0.08
(MX — MSIG)**2 (GeV*#2)

v — T° DETECTED

40

30

20

IIIIIIIIIIIIIII'

o
gr T 11

lllllllllllIllIllllI‘l’l‘ll

I_I_L.l_l

i
A1

Il]!llllllll_ll

...rﬂ'l-.-.n, 1 PP PR S

O L

-0.

o

2 0.00 0.02 0.04 0.06 0.08
(MX — MSIG)**2 (GeVax2)

Figure 6; Missing mass spectrum of photon from

reaction yp>K A(1520}+K"yE?



ﬁmmm:w+x+n> pue Amo::fv_fa.r 404 UO)INjos3d Ssey :f adnbly4

ASH SSYA VAWV AN (OTVD - SVAN) SSVA NOYIJXH
Q21T 8IIT 9TIT ¥%ITT 2Z2IIT OIIIT 01 K 01—
T 111 LR T TT1T 1 rerfriesrt O Q
i [ L | I j |
[ — 0002 — —{ 0002
e — 000¥ - — 000¥

1 1 1
SLNNOD
LI T

— — 0009 — . — 0009
— N — 0009 — — 0008

_HH_____rh____n____.__OOOOﬂ Ll 1 1 __n_——_—_ .___-OOOOﬂ

SLNNOD



